D-Allose, an all-cis hexose, is utilized by Aerobacter aerogenes, in which the compound is converted to fructose-6-phosphate by inducible enzymes via D-allose-6-phosphate and D-allulose-6-phosphate intermediates (9, 19) . Salmonella typhimurium LT2 and perhaps some Escherichia coli K-12 strains are unable to metabolize D-allose (10) , but the metabolism of the sugar was not systematically studied in other bacteria. Hamster fibroblasts form D-allose-6-phosphate from D-allose, indicating that the sugar is transported and internally converted without further metabolism (33) .
D-Allose has been used as an analog of D-ribose (all-cis pentose), since it binds to ribose-binding protein (RBP) with low affinity (1,000 times less), which is sufficient to elicit chemotaxis (1, 32) . A similarity between the two sugars is apparent since they differ only in the fifth positions of their pyranose forms (1) (Fig. 1) . The gene (rbsB) for RBP is a part of the rbs operon, which is located at 84 min and encodes a high-affinity transporter for D-ribose, consisting of RbsDAC proteins. Although the high-affinity system is primarily responsible for uptake of this sugar, it has been assumed that a secondary or low-affinity transporter exists, since a strain that lacks most rbs genes, but carries rbsK for ribokinase, still grows on D-ribose (14, 16) . However, no information is currently available for the putative secondary transport system (15) . Inside the cell, Dribose is converted by ribokinase to ribose-5-phosphate, which is an essential compound of cellular anabolism. The compound serves as the substrate for the synthesis of phosphoribosyl diphosphate, a precursor for the biosynthesis of nucleotides and the amino acids histidine and tryptophan (30) . Thus, the strain with a mutation in rpiA, the gene which encodes D-ribose phosphate isomerase, requires ribose for growth since ribose-5-phosphate cannot be generated from other sugars (13, 28) .
A study on rpiA gene led to a discovery of two linked genes at 92.8 min, rpiR and rpiB (30) , which are suggested in this study to be involved in allose utilization. The ribose auxotrophy resulting from a defect in rpiA was relieved either by an rpiR mutation or by an overproduction of RpiB. The RpiB protein has an enzymatic activity similar to that of RpiA. Nevertheless, they do not show amino acid sequence similarity. The inducibility of rpiB by D-ribose, however, has not been clearly established, although rpiR apparently serves as a regulatory gene. In the same region, an rpe (encoding D-ribulose-5-phosphate 3-epimerase) homolog of Alcaligenes eutrophus pHG1 was discovered by E. coli genome sequencing and predicted as an open reading frame, f231 (3) . Recently, a gene which appears to be involved in the epimerization of D-ribulose-5-phosphate to produce D-xylulose-5-phosphate was found and mapped at 74 min of the E. coli chromosome (17, 31) . This gene, an E. coli version of rpe, is more similar to the rpe gene of A. eutrophus pHG1 than to f231, with 63 and 36% identities, respectively (21) .
Here, we describe the complete operon, located at 92.8 min of the E. coli linkage map, that is primarily responsible for D-allose transport and metabolism and that, in addition, appears to be involved in the transport of D-ribose at low affinity.
MATERIALS AND METHODS
Strains and plasmids. Strains used in this study are derivatives of E. coli K-12 and are listed in Table 1 . The mutations ⌬rbs(D-R)::spc, malE::Tn10, and acs::aph were from OW1⌬RD, LS311, and LS300, respectively. Minicell-producing strain CP1012, lacking the repressor gene for D-allose, was made by introducing ⌬als(R to K)::tet into HB290. Plasmid pTS105 has a large deletion of rbsB in pAI12 that is not polar on the expression of downstream rbsK. Plasmid pSK131 (3.65 kb) consists of a fragment of the transposase gene (1.24 kb of the PvuII/ HpaI fragment from ::TnphoAЈ-1), part of multicloning site [25 bp of the SmaI/XbaI fragment from pGEM-7Zf(ϩ), Promega], and the XbaI/PvuII fragment (2.40 kb) of the replicon which is derived from pBluescript II SK(ϩ) (2.96 kb; Stratagene) after deletion of the KpnI/NaeI fragment (327 bp with the COOH-terminal LacZ␣) and filling in of the EcoRI site at the multicloning site. The transposon-hopping phages ::TnphoAЈ-1 and ::TnphoAЈ-2 were obtained from B. Wanner (34) , and RS45 was obtained from R. W. Simons (27) .
Chemicals. D-Allose and D-ribose were purchased from Sigma Chemical Co. Restriction enzymes and [
35 S]methionine (1,000 Ci/mmol) were purchased from Boehringer Mannheim and Amersham Corp., respectively. Other chemicals used were reagent grade.
Cell growth and minicell preparation. H1 minimal medium (23) containing appropriate concentrations of sugars was used in cell growth experiments. Cells were cultured in 0.4% glycerol H1 minimal medium at 37°C and were used as an inoculum. Growth in 0.2% D-allose medium was at 37°C, with shaking at 120 rpm in a flask filled with about 10% volume of H1 minimal medium. Small aliquots from cultures with 0.2% D-allose were taken every 2 h during growth to measure the optical density at 600 nm.
To detect proteins expressed from a cloned DNA fragment, a strain with a plasmid was grown to early stationary phase in LB medium containing appropriate antibiotics, and minicells were prepared as described previously (6) . The plasmid-coded proteins in minicells were labeled with [
35 S]methionine, separated by electrophoresis on sodium dodecyl sulfate-12% polyacrylamide gels, and subjected to autoradiography.
DNA manipulation. DNA preparation and recombinant DNA techniques followed standard procedures (26) . DNA sequencing was performed by using a kit from Amersham Corp., with four primers designed to cover the whole region of the alsR gene. To determine the site of a transposon insertion obtained in vivo, we developed a strategy (29) in which plasmid pSK131 containing the transposase gene was first integrated into the chromosomal transposase gene by homologous recombination; the same plasmid with an extra chromosomal region was then recovered by preparing the chromosomal DNA and digesting it with an appropriate restriction enzyme before ligation. Integration of the plasmid was facilitated in polA(Ts) background, which enabled the formation of a cointegrate through selection of the plasmid marker under nonpermissive conditions since the PolA protein is necessary for the episomal maintenance of the plasmid (23) . The order Јtnp(N-terminus)-mcs-bla-oriЈ of markers on the plasmid was established by DNA manipulation, so that digestion of the cointegrate with one of the enzymes recognizing mcs would allow the plasmid to acquire the chromosomal fragment that was bordered by the NH 2 -terminal side of the tnp gene. The als genes and the mutations in alsR were obtained in this manner from plasmids integrated into zjc-1::TnphoAЈ-1. These are pSK185 (KpnI digestion) and the parental plasmids for pHN200 to pHN204 (all with BglII/BamHI digestions). The BstEII fragment of pSK185, containing most of the als genes, was substituted with the EcoRI/AvaI fragment (tet) of pBR322 by filling in the ends with Klenow enzyme and blunt-end ligation, resulting in pHN208. The 10-kb EcoRI fragment of pSK185 was subcloned into the EcoRI site of pBR328 to make low-copynumber plasmid pHN205. From pHN205, plasmids pHN212 (AvaI deletion), pHN213 (HindIII deletion), pHN214 (HpaI deletion), and pHN219 (NotI/ BamHI deletion) were made. Plasmid pHN228 was generated by removing the BglII/AccI fragment from pHN219 with enzyme treatments. This plasmid has the intact downstream genes alsA and alsC. Plasmid pHN217 was made by replacing the 1.47-kb EcoRI/BssHII fragment of pHN213 with that of pHN201.
To construct transcriptional fusions in vitro, the EcoRI/BglII fragment was divided into two parts by PCR using four primers. For cloning the 5Ј 1,059-bp fragment, two primers, 5Ј-CAGACCGCGCGAATTCCGGC-3Ј, for synthesizing downward from the EcoRI site in rpiB (Fig. 2) , and 5Ј-GGAGGATCCCTCCG GCACCGTACA-3Ј, for synthesizing upward from 488 bp downstream of the alsR translation start with a BamHI end, were used. For the 3Ј 795-bp fragment, primers 5Ј-GGGGAATTCTATCAGGGCAGACAGCG-3Ј, recognizing 445 downstream of the alsR translation start site with an EcoRI end, and 5Ј-GGAT AATGGAGCGAACCGCA-3Ј, for synthesizing upward from 276 bp downstream of the alsB translation start, were used. The two DNA fragments amplified by using the LA-Taq polymerase (Takara Shuzo), each digested with EcoRI/ BamHI and with EcoRI/BglII, were cloned into the EcoRI/BamHI site of pRS551 (27) , yielding pHN265 and pHN266, respectively. Plasmid pRS551 has the lac gene on the BamHI side. They were transferred to RS45 and lysogenized into appropriate hosts (see below). Single-copy prophages were confirmed by PCR with three primers recognizing E. coli attB, attP, and int genes (24) .
Genetic manipulation. P1 transduction (18) , polA(Ts) integration (23), and transposon mutagenesis (34) were conducted as previously described. The spontaneous mutations alsR101 through alsR106, giving rise to the Rib e phenotype (see Results) were selected from CP1007/pTS105 on H1 minimal plates containing 0.2% D-ribose and appropriate antibiotics. The transposon-hopping phages ::TnphoAЈ-1 and ::TnphoAЈ-2 were used for insertion mutagenesis as described previously (34) . Transposon insertions that abolish the Rib e phenotype of CP1008/pTS105 were isolated at frequencies of 8/4,000 for TnphoAЈ-1 and 4/ 4,000 for TnphoAЈ-2 by replica plating; 5 of 14 insertions were Lac ϩ , with various degrees of ␤-galactosidase expression.
Spontaneous mutations in the alsR gene were tagged with nearby insertions by transducing CP1007/pTS105 with the P1 lysate prepared from about 10,000 independent insertions in CP1008/pTS105. Two candidates, zjc-1::TnphoAЈ-1 and zjc-2::TnphoAЈ-1, were tested for linkage to the spontaneous mutations of alsR, which exhibited 97 and 30% cotransduction frequencies, respectively. The zjc-1::TnphoAЈ-1 insertion was further used for cloning alsR mutations in polA(Ts) strain (CP367). First, the insertion was separated from the alsR106 point mutation by transferring it to CP1007/pTS105. The resulting alsR ϩ zjc-1:: TnphoAЈ-1 strain was then crossed with the strains containing other alsR mutations. The mutations tagged with zjc-1::TnphoAЈ-1 were moved to the polA(Ts) strain and were cloned by using the strategy described for DNA manipulation.
To generate an operon-wide deletion in als genes, plasmid pHN208, containing the tet gene instead of the whole als operon (contained in the BstEII fragments as shown in Fig. 2 ), was transformed into the polA(Ts) strain. After integration of the plasmid into the chromosome at 42°C, the plasmid portion was cured. This resulted in two different kinds of recombinants, Tet r Amp s and Tet s Amp s , since the pHN208 plasmid provides homologies on both sides of the tet gene. The ⌬als(R-K)::tet insertion obtained was transferred to CP1008/pTS105 to confirm that the als region was inactivated, and the insertion was also used to generate the CP1010 strain.
The strains with single-copy transcriptional fusion were made as described by Simons and Kleckner (27) . CP1010 was transformed with pHN265 and pHN266, and the plasmid-borne fusions were transferred to by infecting them with RS45, yielding HN265 and HN266, respectively. CP1010 strain was then lysogenized with HN265 (CP1031) and HN266 (CP1032), and CP1007 was lysogenized with HN265 (CP1033) and HN266 (CP1034).
Measurement of K d by fluorescence spectroscopy. Allose-binding protein (ALBP or AlsB) was purified (Ͼ95% homogeneity) from cells grown in LB medium by osmotic shock (22) and DEAE-Sepharose/carboxymethyl-Sepharose ion-exchange chromatography. About 0.5 M ALBP was used for fluorescence measurement, showing an emission maximum of 338 nm when excited at 295 nm. When 1 mM D-allose was added in excess, the maximum was blue shifted to 327 nm in 50 mM potassium phosphate buffer at pH 7.5. We developed here the following relationship based on the single binding kinetics for ligand (7) Table 4 . D-Allose and D-ribose appear to be transported as analogous structures by the permease. An equilibrium of D-ribose is shifted toward pyranose (80%) in solution and is phosphorylated as a furanose by RbsK. The structure of D-ribose (outside) is shown as a pyranose since it is the form found in the crystal structure of RBP. AlsK and RpiB are shown in parentheses because they were demonstrated to be dispensable (see Results). RpiA is ribose-5-phosphate isomerase whose activity can be replaced by RpiB. RpiB is also postulated to be an allose-6-phosphate isomerase because it is a part of the operon and under the control of AlsR. The positions of epimerizations are shaded. Abbreviations: P, phosphoryl group; OM, outer membrane; IM, inner membrane.
can be expressed as a linear combination of spectra, F(x,), from allose-free and allose-bound ALBPs:
where
is the fraction of allose-bound ALBP, B(x) is the fraction of allose-free ALBP, H() is the spectrum of allose-bound ALBP in 1 mM D-allose, and G() is the spectrum of free ALBP. In addition, the ligandbound fraction is obtained from the single-binding kinetics (7):
where B b , B 0 , and L are the concentrations of ligand-bound protein, total protein, and free ligand, respectively. Since the concentration of free ligand was not known, we used the concentration of total ligand (x) instead. By replacing L with x Ϫ B b in equation 2 and rearranging the equation for the variable B b , we obtained the following quadratic equation:
Meanwhile, the following equation was derived from the relationship A(x) ϭ B b /B 0 and from B b expressed as a function of x as in equation 3: 
RESULTS
Screening for a mutation affecting ribose growth. E. coli cells are able to grow on D-ribose, albeit less efficiently, even when there is a defect in the high-affinity uptake (K m of 0.91 M [5] ). Thus, the presence of a low-affinity transporter has been implicated. The low-affinity system seems to share the D-ribose kinase (rbsK gene product) with the high-affinity system for its metabolism of sugar (16) . By introducing a deletion ⌬rbs(D-R)::spc, we constructed the strain (CP1007) lacking all of the rbs components except the rbsK gene, which is supplied by plasmid pTS105. This strain (CP1007/pTS105) allowed us to screen for a secondary mutation that affects D-ribose utilization (Table 2) .
Spontaneous mutant derivatives of CP1007/pTS105 that exhibited an enhanced growth on D-ribose minimal plates were Ϫ phenotype that is observed in a strain lacking the highaffinity permease and conferred by the so-called low-affinity transporter. We characterized six independent mutations giving rise to the Rib e phenotypes that are closely linked to a particular locus of the E. coli linkage map and were named alsR101 through alsR106 (see below). To determine their genetic locations, two nearby transposon insertions, zjc-1:: TnphoAЈ-1 and zjc-2::TnphoAЈ-1, were obtained and used to map the mutations to 92.8 min. We suspected that the mutations might occur in a regulatory gene, since their consequence was a gain of function arising at high frequency.
Further attempts to isolate a structural gene mutation restoring Rib Ϫ from Rib e phenotype from the alsR106 strain (CP1008/pTS105) yielded other class of insertional mutations in the vicinity of alsR. One insertion (alsRЈB1::TnphoAЈ-1) was found in the intercistronic region between alsR and alsB, and others were found in three open reading frames, alsR, alsB, and alsA, as named in Fig. 2 .
To analyze the insertions, flanking regions of the insertion sites were cloned and sequenced by using plasmid pSK131, containing the terminal segment of the transposon which facilitates homologous recombination between the plasmid and chromosome in the polA(Ts) strain (23) . An inserted plasmid was recovered by restriction digestion, ligation, and transformation into a host strain (see Materials and Methods for details). The insertion boundaries were found in the open reading frames constituting an operon whose sequence was determined by the E. coli genome project (3, 4) . The locations and orientations of insertions are shown in Fig. 2 with their assigned names, based on the sequence homologies and also on functional characterizations described below.
The point mutations showing Rib e phenotypes were found in the reading frame or in the promoter region of alsR; the changes are summarized in Table 3 . The alsR106 deletion does not seem to cause any significant polar effect on the expression of downstream genes. Since the alsO1 mutation is cis dominant and the alsR ϩ gene in this background can complement the alsR106 point mutation (Table 3) , it is very likely that the alsO1 mutation lies in the operator region to which AlsR binds.
als genes and their products. Open reading frames in the predicted operon are oriented in the same direction (Fig. 2) . The proteins encoded have alternative names in the Swiss-Prot database with annotations for homologous proteins, as shown in Table 4 . It was reported that AlsK has similarity to XylR of Bacillus subtilis (23.6% identity [3] ). In our analysis, however, AlsK is more similar to glucokinase of Streptomyces coelicolor (25.9%) than to XylR of B. subtilis (19.1%). alsR has been found as rpiR and was proposed to encode a repressor for the rpiB gene, which is transcribed in the opposite direction from alsR (30) . Since our data clearly indicate that the genes in this operon are involved in the metabolism of D-allose (see below), they were renamed alsR, alsB, alsA, alsC, alsE, and alsK ( Table  4 ). The alsB, alsA, and alsE products were detected in a minicell labeled with [
35 S]methionine with estimated sizes of 30.1, 60, and 27.8 kDa, respectively (data not shown). The AlsB protein has a signal sequence and was released with other (Fig. 2) in the als operon were Lac ϩ in their original background but became repressed when AlsR was supplied from a plasmid, implying that the AlsR is a negative regulator for the als operon (data not shown). It was suggested that the als genes are transcribed as a monocistronic message from the promoter located just upstream of alsR (4) . A failure to isolate an insertional mutation with Rib e in the als region (29a) raises the possibility that the insertion would not allow the expression of downstream genes necessary for supporting ribose growth. Indeed, the alsR1::TnphoAЈ-1 insertion abolished the phenotype of alsR106, indicating that the insertion is polar to the downstream genes. In addition, alsO1 mutation when supplied on a plasmid is phenotypically Rib e and represses the chromosomal lacZ fusion (alsB3::TnphoAЈ-1). These results strongly suggest that a negative regulator AlsR is coordinately expressed with the downstream structural genes presumably as a single alsRBACEK operon (Table 4) . Although internal promoters were suggested between the alsB and alsA genes and within alsC gene (3, 4) (Fig. 2) , they do not seem to be functional because pHN219 (alsR106B
could not complement alsB3::TnphoAЈ-1 polar insertion in allose utilization that requires the functional AlsE protein (see below).
The fact that alsR itself is regulated by allose as a first gene of the operon was further confirmed by examining an inducibility of the two transcriptional fusions, one containing the promoter and the beginning of alsR gene ('rpiB-alsR') and the other containing the portions of alsR and alsB ('alsR-alsB'; see Materials and Methods). The fusions were tested after being lysogenized into a single copy. The 'rpiB-alsR' fusion is repressible by AlsR and inducible by allose, not by ribose, whereas the 'alsR-alsB' fusion does not exert any transcriptional activity (Fig. 3) . The induction by allose is subject to catabolite repression, which again confirms that alsR is coregulated as part of the operon with alsB and other downstream genes.
Als components in transport and metabolism. Although the operon was initially characterized as enhancing D-ribose growth, we presumed that there might be a high-affinity substrate for the als system since a mutational derepression of the operon could provide an activity of the secondary transporter for ribose. D-Allose has been regarded as a nonmetabolizable analog of D-ribose. However, only D-allose among tested sugars, including D-xylose and 2-deoxyribose, which are structurally related to D-ribose, showed a significant difference in supporting the growth of the als ϩ (MC4100) and the als-null (CP1011) strains. We examined growth on D-allose in several other E. coli strains, including MG1655 (wild type) and W3110. MG1655 and MC4100 grew as well on 0.2% D-allose plates as on 0.2% D-ribose plates, whereas W3110 showed poor growth on 0.2% D-allose ( Table 2 ). The involvement of the als operon in utilizing D-allose was further confirmed either by deleting the whole region with ⌬als(R-K)::tet as in CP1010 (a negative control) or by introducing plasmid pHN205, containing the whole region of als operon, into the CP1010 strain derived from MC4100. The doubling times in D-allose minimal medium were measured for MC4100 (110 to 120 min), W3110 (350 to 400 min), and CP1007 (⌬rbs) (110 min). Strains CP1010 (⌬rbs ⌬als) and CP1011 (rbs ϩ ⌬als) did not show any growth.
We made several deletions of pHN205 to characterize components that are necessary for growth on D-allose or D-ribose (Fig. 2) . pHN214, with a deletion in alsK, supports growth on allose in a ⌬als background, indicating that alsK is not essen- Since strain W3110 did not grow on D-allose, we postulated that the strain may have a defect in one of the als genes. This possibility is consistent with the result that no als mutations with Rib e phenotypes were isolated from the high-affinity negative derivative (CP1013) of W3110. The slow growth of the strain on D-allose appears to be mediated by the D-ribose permease. When we introduced plasmids pHN205, pHN212, pHN219, and pHN228 into CP1013, all except pHN212 (alsC) complemented the D-ribose growth defect as well as the Dallose defect. This result indicates that the alsC gene encoding a putative membrane component is defective in W3110.
Determination of the affinity of the allose-binding protein for allose. To demonstrate the direct binding of D-allose to ALBP, partially purified protein (Materials and Methods) was mixed with different concentrations of D-allose, and subsequent changes in intrinsic fluorescence were monitored. Since two of three tryptophans were localized in the sugar-binding cleft on the three-dimensional structure of ALBP (19a) predicted from its sequence similarity to RBP, they were used for fluorescence spectroscopy with an excitation at 295 nm. 
DISCUSSION
We characterized spontaneous mutations that partially compensated for a defect in high-affinity ribose transport, which were mapped at 92.8 min of the E. coli linkage map. The mutations inactivated alsR or the operator site (alsO) of alsR, to make it constitutive. Therefore, it was deduced that AlsR regulates the als operon, which contains genes for the transport and metabolism of D-allose. alsR was also reported to be a negative regulator for the rpiB gene coding for a secondary D-ribose-5-phosphate isomerase (30) . We also generated insertion/deletion mutations of als structural genes, thereby assigning physiological functions for the hypothetical als genes predicted by the genome sequencing (3, 4) .
It was demonstrated that strains MC4100 and MG1655 were capable of utilizing D-allose as a carbon source through the D-allose permease that also transports D-ribose at low affinity. FIG. 3 . Regulatory characteristics of the als operon. Cells were grown in H1 minimal medium with 0.4% glycerol to an A 600 of about 0.1, the effectors were added, and the cells were further incubated for 2 h. ␤-Galactosidase activity was measured as described by Miller (18) . The strains used, CP1031 (alsR ЈrpiB-alsRЈ), CP1032 (alsR ЈalsR-alsBЈ), CP1033 (alsR ϩ ЈrpiB-alsRЈ), and CP1034 (alsR ϩ ЈalsR-alsBЈ), are lysogens. Effectors: no, none; als, 0.01% allose; rib, 0.2% ribose; glc, 0.2% glucose; glc/als, 0.01% allose plus 0.2% glucose.
It is not surprising that allose and ribose transport systems are functionally redundant because D-ribose exists primarily as a pyranose form (80%) in solution, which is presumably responsible for interacting with the periplasmic binding protein (20) and also with the membrane components (Fig. 1) . This configuration of D-ribose is structurally analogous to that of Dallose. Moreover, D-ribose can still be utilized when both the ribose and allose systems are absent (14a), suggesting that other structurally related permeases provide the remaining activity of low-affinity transport. The situation is different for other pentose transport systems, where they have their own low-affinity permeases that belong to the LacY family, e.g., XylE for D-xylose and AraE for L-arabinose. In any case, it appears that structurally related compounds share transport systems without relying on their specific low-affinity systems. It has been reported that L-arabinose is transported by the highaffinity transport system of D-galactose and that D-galactose is transported by at least six independent permeases (8) .
We found that AlsE (epimerase) is essential, although AlsK (kinase) and RpiB (isomerase) are dispensable for D-allose utilization (Fig. 1) . In A. aerogenes (9) , it was shown that D-allose kinase and D-allose-6-phosphate isomerase activities are required. Our finding that only AlsE is essential may indicate that other functionally analogous enzymes substitute for the activities of D-allose kinase and D-allose-6-phosphate isomerase, although it is still possible that RpiB and AlsK play unexpected roles in D-allose metabolism. The structural similarity of hexoses may explain the cross-specificity. In A. aerogenes, only D-allose-6-phosphate isomerase activity was dramatically increased when D-allose was added to a culture medium, whereas the D-allose kinase activity remained to be expressed at a rather constitutive level (9) , suggesting that allose kinase activity might be redundant. Since it was shown that RpiB has the activity of D-ribose-5-phosphate isomerase, we predict that RpiB also has D-allose-6-phosphate isomerase activity, based on the finding that galactose-6-phosphate isomerase can replace pentose phosphate isomerase in Streptococcus mutans (30) . In this regard, it is of interest that Dallulose-6-phosphate 3-epimerase (AlsE) is essential even though D-ribulose-5-phosphate 3-epimerase (Rpe), similar to AlsE in primary sequence (36% identity), is already expressed. Since there are no similar steps requiring 3-epimerase activity in hexose metabolism of E. coli, this may explain why the AlsE function is specific, whereas that is not the case in RpiB.
